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ENCODING OF SYRINGE INFORMATION 

Related References 

The present application is a continuation-in-part of 
U.S. Patent Application Serial No . 0 9/0 97 , 4 12 , filed on 
June 15, 1998, the disclosures of which is incorporated herein 
by reference. 

Field of the Invention 

The present invention relates to apparatuses and 
methods for injecting fluid into a patient, and, more 
particularly, to apparatuses and methods for injecting fluid 
into a patient in which syringe information relevant to the 
injection procedure is encoded and shared with an injector. 

Background of the Invenrion 

The parameters of an injection procedure, such as 
the injection of contrast agents into a patient, include, for 
example, fluid volume available for delivery, flow rate, fluid 
pressure, and limits of piston travel. Injection parameters 
are determined by several variables, including, for example, 
syringe diameter, syringe length and fluid composition. 

To program an injection procedure, some or all of 
the above injection parameters and variables, for example, 
must be input into the injector. In current injector systems, 
syringe size is input into an injector either (1) manually by 
an operator who enters the syringe size or syringe type into 
the injector software, or (2) automatically by means of 
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switches on the injector head which are mechanically coupled 
to ra.sed or sunken elements on the syringe barrel 
constraints on mechanical and electrical design, however.' 
ixmit the nunuoer of such automatic detection switches 
indeed, only limited syringe configurations are automatically 
detected with present systems. ,As used herein, ' the terms 
syrrnge configuration" or "syringe information" encompasses 
all rnformation about a particular syringe, including, but not 
limited to, information about the mechanical properties of a 
syr.nge (for example. length, diameter. available volume 
pressure limitations. expiration date. prior use. and 
manufacturer) as well as information about the contents of the 
syringe <for example. fluid volume. expiration date, 
manufacturer and composition) . 

With the increasing variety of syringes and fluids 
contained therein, and especially prefilled syringes a 
greater amount of syringe configuration information must be 
xnput into and accepted by injectors to program and control 
xn.ectron procedures. By providing an injector system having 
the capability to automatically obtain syringe configuration 
information from syrxnges with minimal or no operator 
intervention, injection procedures can be efficiently 
programmed and controlled, and/or recorded for billing or 
other purposes. 



25 



30 



ses 



Summary of the Invf=»nt-ion 



The present invention provides generally apparatu... 
and methods for sharing information on syringe configuration 
between syringes and injector systems. The syringe 

configuration information carried by syringes or other 
elements can be automatically accessed by or input into 
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injectors to program and/or control injection procedures, such 
as angiographic, CT, MR and ultrasound injection procedures. 

Further, the present invention may be used to 
generate and maintain data records associated with injection 
5 procedures. For example, to update inventory control records 
and to satisfy medical and insurance billing and cost 
information requirements, records of information, such as the 
type of syringe used, the amount of contrast medium used, the 
type of contrast medium used, the sterilization date, the 
10 expiration date, lot codes, the properties of the contrast 
media, and/or other clinically relevant information, may be 
generated and maintained for use by, for example, external 
billing, inventory or control computer systems. 

The present invention provides a syringe for use 
15 with a powered injector including a drive member and a having 
a detector or detection circuit in communication therewith. 
The detector may be incorporated within the injector. The 
syringe preferably comprises an elongated body and a plunger 
slidably disposed within the elongated body and operable to be 
20 driven by the drive member. The syringe also preferably 
comprises a means or mechanism adapted to convey syringe 
information to the detector or detection circuit. 

The mechanism adapted to convey syringe information 
to the detection circuit may be included in an encoded element 

25 (for example, a cap that fits over the syringe plunger or a 
fluid path element that is connected to the syringe) that 
includes a store of syringe information and is separate from 
and connectable to the syringe. Alternatively, the attachable 
element incorporating the syringe information may be 

30 connectable or attachable to the injector or the detector. 
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^"^-^ can be conveyed 
us.ng ,ar.ous energy sources rncluding, for example, 
elecr.cal magnetic, radio frequency, optical and ultrasound. 
Physrca. .ndicia can also be used. Coronations of one or 
n.ore energy sources and/or physrcal indrcra are also possible. 

upon the information is encoded directly 

upon the syrrnge. areas of intimate contact between the 
syr.nge and another element are preferably used to convey the 

information. Because intimate contact is m^rt» • » 
_i ^^iii-cicu IS made oetween the 

plunger and the drive member, for eKamole rh , , 

, . ' example, the plunger /drive 

member interface provides a good blac- t„ , . 
-eaar^in- . ■ transmit information 

-egarcrno syringe configuration to t.he detection circuit. The 
present invention thus provides a syringe as described above 
Which the plunger includes information reoarding the 
syringe encoded thereon. .hi3 information may be -conveyed t 

e detector of the injector via one or more readout members 
or sensors in the drive member of the injector. 

,ac.e. °' " """""" °' syringes, a pressure 

.0 !a v."'r " ' cylindrical element, enables a 

relatively thih-„alled syringe to be used at high pressures 
2 one e..bodiment of the present invention, information stored 
Oh t . syringe .preferably, on the elongated body or barrel of 
lacJt 13 communicated from the syringe to the pressure 

f'^aters are sometimes used to heat the 
contents of a syringe to, for example, body temperature ,see 
for e-xample, U.S. Patent No. .,006,736,. The inte fal; 
be ween the syringe and such a heater also provides a use " 
interface for transfer of information. 



the svrin'" information is encoded directly upon 

syringe or upon an, encoded element attached to or 
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connected to the syringe, the syringe may comprise alignment 
elemen-ts that cooperate with associated alignment elements 
upon an injector, a pressure jacket or a heater element to 
align encoded elements on the syringe wich cooperating readout 
5 elements of the detector. 

According to one aspect of the present invention, a 
system is provided comprising a syringe for use with a powered 
injector to inject a fluid into a patient. The syringe 
includes an elongated body and a plunger slidably disposed 
10 therein as described above. The powered injector includes a 
drive member and is in communication with a detector or a 
detection circuit. The detector is communicative connection 
with or comprises at least one electrically conductive readout 
contact member. 

15 The system further includes at least one 

electrically conductive code contact member adapted to contact 
and make an electrical connection with the readout contact 
member(s). The code contact member or members encode or are 
in communicative connection with encoded information relevant 

20 to the syringe configuration to transmit such encoded 
information to be read by the detection circuit when the code 
contact member (s) are in electrical connection with the 
readout contact member (s). 

Preferably, the system comprises a plurality of 
25 electrically conductive code contact members. Each of the 
plurality of code contact members may be positioned to contact 
and make an electrical connection with only one of a plurality 
of electrically conductive readout contact members. 



30 



In one embodiment, the conductive code contact 
members are brought to a state of either digital high or 
digital low upon contact with corresponding readout contact 
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members of the powered xnjector when the syringe and the 
powered injector are in operative connection. Preferably, one 
of the readout contact members is maintained at digital ground 
and the remainder of the readout contact members are 
5 maintained at a non-zero potential. Any code contact member 
xn electrical connection with the digital ground readout 
contact member is preferably interpreted as being in a state 
of digital low, while those not in electrical connection with 
the digital ground readout contact member are interpreted as 
10 being in a state of digital high. 

A binary encoded signal is thus transmitted to the 
detection circuit of the powered injector. Assuming one code 
contact member/readout contact member pair is dedicated to 
digital ground, there are 2"- possible distinct binary codes 
that can be represented, where n is the number of code contact 
member/readout contact member pairs. Preferably, the 

detection circuit in this embodiment comprises a processing 
unit such as a microprocessor to read and interpret the binary 
encoded information. Each unique binary code preferably 
represents an unique syringe configuration. 



15 



20 



In another embodiment, each of the code contact 
members is preferably in electrical connection with a 
corresponding electrical impedance element. The resistance 
capacitance, inductance, or voltage of each of the elements is 
25 preferably readable by the detection circuit to provide 
information to the detection circuit relevant to the syringe 
configuration. The detection circuit may comprise, for 

example, a register and/or a processing unit such as a 
microprocessor. 



'° ^ further embodiment, the system preferably 

comprises at least two electrically conductive code contact 
members. Each of the code contact members is in electrical 
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connection with a memory. The memory is encoded with 

information relevant to the syringe configuration. Upon 
contact and electrical connection with corresponding readout 
contact members, the encoded information is transmitted to a 
5 processing unit of the detection circuit. 



The conductive code contact members may, for 
example, be positioned on the syringe to form an electrical 
connection with corresponding readout contact members 
positioned upon, for example, the injector, a pressure jacket 
10 or a heating element as described above. 



In another embodiment, the system comprises an 
encoded element that includes at least one electrically 
conductive code contact member adapted to contact and make an 
electrical connection with the readout contact member (s). The 

15 encoded element may, for example, be incorporated in or 
attached to a fluid path element that is in fluid connection 
with the syringe, a cap attachable to the syringe (for 
example, on the plunger thereof) or a cap attachable to the 
readout element (for example, on the drive member of the 

20 injector) . Such an encoded element may provide the syringe 
information for several successive syringes. One attachment 
element or cap can, for example, be provided with each box of 
syringes (for example, a box of 50 syringes) . When a new box 
is opened, a new attachment element or cap with the properly 

25 encoded information is installed. Physical mating structures 
can be provided so that only specific syringes can fit with 
specific attachment elements. This embodiment can also 

facilitate use of different manufacturer's syringes with 
various injectors. If the cap is to be mounted on the drive 

30 member, the cap may be domed so that there is no contact with 
the readout contact members until a syringe is engaged and 
pushes the cap into contact with the readout contact members. 
The advantage of this embodiment will be discussed below. 
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The conductive code contact members of the present 
invention are preferably shaped to substantially ensure 
electrical connection with the readout contact members upon 
operative connection of the syringe to the powered injector, 
in one embodiment, the conductive code contact members 
comprise conductive rings extending around the circumference 
of the body or barrel of the syringe. The code contact 
members may also comprise concentric conductive rings formed 
on a rear surface of the plunger to communicate with readout 
contact members positioned upon a forward surface of a drive 
member of the injector. 



The present invention also provides an encoded 
element for use with a syringe and a powered injector. The 
injector includes or is in communication with a detector or 

15 detection circuit. The encoded element preferably comprises 
(1) an attachment mechanism to connect the encoded element to 
one of the syringe, the injector or the detector and (ii) a 
store of encoded syringe information readable by the detector. 
In one embodiment, the attachment mechanism of the encoded 

20 element is adapted to detachably connect the attachment 
element to one of the syringe, the injector or the detector. 

The present invention also provides a syringe for 
use with a powered injector. The syringe comprises at least 
one code contact member as described above. The powered 
25 injector preferably includes a drive member, at least one 
electrically conductive readout contact member and is in 
communicative connection with a detector or a detection 
circuit in electrical connection with the readout contact 
members . 



In the above embodiments, the present invention 
provides encoding of information that improves reliability of 
code recognition while maintaining low complexity and low cost 



BNSDOCID: <WO 9965548Al_t_> 



wo 99/65548 9 PCT/US99/13360 

relative to other syringe components. When electrical 

connection is made between the plunger and the drive member, 
the present invention has the added benefit of allowing the 
injector to sense when the plunger and drive member have made 
5 contact. In the case of pre-filled syringes in which the 
plunger can be located anywhere along the barrel, this 
''automatic docking detection" feature simplifies the act of 
connecting and then stopping the motion of the injector drive 
member and the syringe plunger without operator intervention. 

According to another aspect of the present 
invention, a syringe for use with a powered injector includes 
an elongated body, a plunger slidably disposed within the 
elongated body, and an electronic storage system adapted to 
convey information relevant to the configuration of the 
15 syringe to a detection circuit of the powered injector without 
connective contact between the electronic storage medium and 
the detection circuit. 

In this aspect of the present invention, energy is 
transmitted between the electronic storage system and the 

20 detection circuit without connective electrical contact 
therebetween. This energy provides the information relevant 
to the configuration of the syringe to the detection circuit. 
Preferably, the information is transmitted from the electronic 
storage system to the detection circuit via a radio frequency 

25 (RF) signal. The electronic storage system preferably 

includes a transponder in communicative connection with a 
memory. The detection circuit preferably comprises a 

transmitter and a receiver. The transmitter transmits an RF 
signal to the transponder which responds by transmitting an RF 

30 signal to the receiver. The RF signal transmitted by the 
transponder contains the information relevant to the 
configuration of the syringe. Frequencies above and 
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expecially below the RF range may be used if the geometry and 
information transfer rate permit it. 



The present invention, along with further aspects 
and attendant advantages, will best be understood by reference 
to the following detailed description taken in conjunction 
with the accompanying drawings. 



Brief D escription of the Drawings 



Figure lA illustrates a side cross-sectional view of 
a plunger of the present invention slidably disposed within a 
10 syringe. 



Figure IB illustrates a rear perspective view of the 
plunger of Figure lA. 



Figure IC illustrates a side cross-sectional view of 
an injector system comprising the syringe and plunger of 
15 Figure lA. 



Figure 2A illustrates a front perspective view of a 
drive member comprising several conductive contact pins. 

Figure 2B illustrates a side cross-sectional view of 
a plunger of the present invention in contact with a drive 
20 member. 



Figure 3A illustrates a diagram of the electrical 
circuit of the connective pins of the drive member. 

Figure 3B illustrates a diagram of one embodiment of 
electrical connection between the rings of the plunger. 
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Pi 



"igure 4A iliusrrates an embodiment of a printed 
circuit board comprising contact pins. 

Figure 4B illusrrates another embodiment of a 
printed circuit board comprising contact pins. 

5 Figure 5A illustrates an electrical schematic view 

of a system using impedance elements to encode information 
relevant to syringe configuration. 

Figure 5B illustrates an embodiment of a plunger 
printed circuit board for use in the injector system of 
10 Figure 5A. 

Figure 5C illustrates another embodiment of a 
plunger printed circuit board for use in the injector system 
of Figure 5A including surface printed resistors. 

Figure 6 illustrates a rear view of a plunger of the 
15 present invention comprising a printed circuit card with a 
memory for storing information relevant to an injection 
procedure . 

Figures 7A and 7B illustrate examples of information 
encoded for two-dimensional alignment with associated readout 
20 contacts. 



Figure 8A illustrates a cross sectional view of a 
syringe incorporating alignment guides. 

Figure 83 illustrates a sectional plan view of the 
tapered neck region of the syringe of Figure 8A. 
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Figure 8C illustrates a transverse cross-sectional 
view taken along line 4-4 of Figure 8A. 

Figure 8D illustrates a side view of a pressure 
jacket and syringe assembly incorporating an alignment path. 

Figure BE illustrates a front view of the pressure 
jacket of Figure 8D. 

Figures 9A, 9B, and 9C illustrate encoding of a 
series of timing contacts and a series of data contacts for 
use during a "wiping" or scanning motion. 

'° Figure lOA illustrates a side cross-sectional view 

of another embodiment of, an injector system of the present 
invention in which encoded information in the syringe is read 
by the injector in a non-contacting manner. 

Figure lOB illustrates an example of an RF signal 
15 produced by the plunger transponder of the injector system of 
Figure 7A. 

Figure 11 illustrates an example of information 
encoded on a syringe to be read through the pressure jacket. 

Figure 12 illustrates various locations for mounting 
20 encoded information with respect to syringe mounting flanges. 

Figures 13A and 13B illustrate encoding elements on 
a syringe barrel and readout elements on a syringe heater that 
mates with the syringe barrel. 

Figure 14 illustrates encoding elements associated 
25 with an attached fluid path element. 
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Detailed Description of the Invention 



In the embodiment illustrated in Figures lA and IB, 
encoded information in the form of a printed circuit board 
(PCB) 10 is mounted, for example, in a slot at the rear of a 
5 syringe plunger 20. Plunger 20 is suitable to be slidably 
disposed within the barrel of a syringe 15 to pressurize 
injection fluid contained within syringe 15. Plunger 20 

preferably comprises an attachment mechanism such as capture 
members 30 for forming a releasable connection with a powered 

10 drive member such as a drive piston 40 of a powered 
injector 45 shown in Figure IC. Examples of syringes and 
injector configurations generally suitable for use in the 
present invention are disclosed in U.S. Patent Nos. 4,006,736, 
4,677,980, 5,300,031 and 5,383,858 and U.S. Patent Application 

15 Serial No. 09/033,264, filed March 2, 1998, and entitled 
''Syringes and Plungers for Use Therein," the disclosures of 
which are incorporated herein by reference. 



As used herein to describe syringe 15 and plunger 20, 
the terms ''axial" or "axially" refer generally ' to an axis A- 

20 around which syringe 15 and plunger 20 are preferably formed 
(although not necessarily symmetrically therearound) . The 
terms "proximal" or "rearward" refer generally to an axial 
direction toward capture members 30. The terms "distal" or 
"forward" refer generally to an axial direction toward the end 

25 of plunger 20 opposite capture members 30. The term "radial" 
refers generally to a direction normal to axis A. 



Printed circuit board 10 preferably comprises a 
number of plunger contact members preferably formed as 
concentric rings 50 (see, for example. Figure IB) comprising 
30 rearward facing conductive surfaces. In one embodiment, best 
illustrated in Figure 3A and 3B, printed circuit board 10 
comprises six concentric rings 50A through 50F. The 
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15 



20 



25 



30 



conductive surface of rings 50A through 50F face rearward to 
be contacted by a corresponding set of electrically conductive 
readout contact members or pins 60A through 60F preferably 
positioned at a forward end of the injector drive piston 40. 
Pins 60A through 60F are preferably positioned radially on the 
front end of drive piston 40 such that pin 60A contacts 
ring 50A, pin 60B contacts ring SOB, pin 60C contacts 
ring 50C, pin 60D contacts ring SOD, pin 60E contacts ring 50E 
and pin 60F contacts ring SOF when drive piston 40 forms a 
connection with plunger 20. 

In one embodiment, one of pins 60A through 60F, for 
example, pin 60A, is electrically connected to ground. All 
pins with the exception of grounded pin 60A, are electrically 
connected to a known voltage, such as +5 volts, (see 
Figure 3A) , for example, on another printed circuit board 
preferably located within the injector. The voltage on each 
pin on drive piston 40 can be interpreted electronically as a 
single bit in a binary code. The binary code uniquely 
identifies the syringe configuration or characteristics. 
Preferably, if the code is not present or is improperly read, 
the injector will not function. 

An example of a coded plunger printed circuit board 
is shown in Figure 3B. Preferably, one of the concentric 
rings (for example SOA) is connected to electrical ground 
through corresponding pin 60A on the end of the drive 
piston 4 0 when contact is made. Other concentric rings may be 
electrically connected to or isolated from the ground 
ring SOA. When read out by the circuit of Figure 3A, those 
rings that are connected to SOA will be read out as a logical 
0 and those that are not connected will be a logical 1. To 
avoid the possibility that a readout element will touch the 
radial conductor, it can be covered with an insulating layer 
such as solder mask, or a two sided printed circuit board may 
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be used with the concentric rings choosably connecred to 50A 
by printed wiring on the underside of the printed circuit 
board through holes or vias. 

Those concentric rings not electrically connected to 
ground ring 50A are allowed to "float" being in an electrical 
high-impedance state. The voltage measured on each of 

pins 60B through 60F after contact with rings 50A through 50F 
can be interpreted electronically as a single bit in a binary 
code. The binary code preferably uniquely identifies the 
syringe characteristics. In the embodiment of Figure 3B, a 
connection to digital ground equals a digital low state (0), 
while no connection to digital ground equals a digital high 
state (1) . The code of plunger printed circuit 10 is thus 
10101 . 

Printed circuit board 10 on plunger 20 thereby acts 
as a code to identify syringe 15 and its contents. Assuming 
one pin/ring pair is dedicated, to digital ground, there are 
2""^ possible binary codes that can be represented, where n is 
the number of pin/ring pairs. For example, if there are 
20 8 concentric rings and one is allocated for digital ground, 
there are 2' or 128 possible binary codes that can be 
represented . 



5 



10 



As with any kind of switch, a debounce circuit (not 
shown) is preferably provided to read an electrically stable 
25 code. The debounce circuit can comprise hardware or, if a 
microprocessor is used to read the state of the contact 
switches (that is, pin/ring pairs), it can comprise software. 

In a simple operational mode shown in Figure 3B, 
before contact is made between piston 40 and plunger 20, the 
30 state of each piston pin is held in a logic high state by pull 
up resistors 70A to 70E, with the exception of a single common 
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pin 60A which is held at ground. When one or more of the pin 
signals starts to change to logic low as contact is made, a 
signal is preferably provided to the injector detection 
circuit indicating that piston 20 and plunger 40 are in 
5 proximity. After a suitable time interval when the electrical 
readings on all pins are stable, the potential of those pins 
which are touching a code element electrically connected to 
the common pin 60A will be at the potential of the coimnon pin 
60A, ground in this example. An electronic control device 65, 
10 for example a microprocessor, can interpret the resultant 
binary code and can then allow the injector system to alter 
its operation for the specific syringe configuration. 

Printed circuit board 10 comprises concentric ring 
contact members 50A through 50F so that the printed circuit 
15 board 10 can be disposed within syringe 10 in any rotational 
orientation about axis A, thereby simplifying the 
manufacturing process. As clear to one skilled in the art, 
however, many other contact configurations are possible. 
Several other contact configurations are discussed below. 

^° Printed circuit board 10 can, for example, be 

mechanically fit into an appropriate receptacle or slot in the 
rear of plunger 20, or it can be insert molded. Because 
prefilled syringes can be subjected to high temperatures and 
pressures during sterilization, a printed circuit board 
installed prior to autoclave sterilization must be capable of 
surviving autoclave sterilization conditions. In a preferred 
embodiment, printed circuit board 10 is fabricated from 
Kapton^ a high temperature polyamide with a low coefficient of 
thermal expansion. Etched circuits on Kapton- will not burn, 
deform, or crack during a standard steam autoclave cycle which 
ramps up to approximately 121°C at approximately 16 psi for 
approximately 3 hours. 
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Alternatively, a printed circuit board or another 
carrier of electrical conducting contact members can be placed 
on plunger 20 or elsewhere after autoclave sterilization. 
Indeed, existing syringe plungers are easily retrofitted to 
5 practice the present invention. In that regard, a printed 
circuit board or another carrier of electrical conducting 
contact members, can be part of a ^^cap'' that is fitted, for 
example, to the rearward surface of an existing plunger 
design. Depending upon the economics and ease of use, the cap 
10 may be preassembled with one cap per each plunger or there may 
be one cap for a number of plungers to reduce the cost 
associated with disposing of each cap when a syringe and its 
plunger are discarded. 



Pins 60A through 60F are preferably gold-coated, 

15 rounded pins that are capable of digging into the 
corresponding conductive rings on plunger printed circuit 
board 10. Preferably, pins 60A through 60F are biased 

forward. As illustrated in Figure 4A, pins 60A' , 60B' and 
60C' can be mounted in an elastomeric matrix 70 to provide 

20 such a forward bias. The forward bias of pins 60A' through 
60C' allows pins 6GA' through 60C' to ride along the 
corresponding conductive rings while substantially ensuring 
proper contact. The forward bias thus substantially 

compensates for any surface irregularities in the conductive 

25 rings of the plunger printed circuit board. In an alternative 
embodiment illustrated in Figure 4B, forward-biased pins 60A" 
through 60C" comprise cantilevered leaf springs or wipers that 
ride along the corresponding conductive rings. The pins 
preferably slide along the printed circuit board contacts 

30 because, at the end of an injection, syringe 15 can be removed 
from the injector head by, for example, rotating the syringe 
barrel to release plunger 10 from drive piston 40. This 
rotating action must not damage the electrical contacts on 
drive piston 40. Moreover, the wiping action of the pins 

35 against the corresponding, conductive rings cleans the pin 
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surface of any dirt or contrasr media that might impede 
electrical contact. 



Although pins 60A through 60F are preferably 
positioned radially about axis A to substantially ensure 
5 contact with corresponding rings 50A through 50F, 
respectively, the angle at which they are positioned about 
axis A is not important. As illustrated in Figures 2A and 2B, 
respectively, the pins can, for example, be oriented in a 
spiral configuration or in a straight line along the forward 
10 face of drive piston 40. Pins 60A through 60F are preferably 
electrically connected to a wire harness or flex circuit (not 
shown) that is connected to a detection circuit (not shown) in 
the injector head or otherwise in communication with the 
injector controls. 

^1^^^^ "^^y be multiple pins, not shown, at a specific 
radius to provide some redundancy to the contacts. These pins 
may simply be connected to the same wire in the wiring harness 
or they may each be separately connected to the detection 
circuit so that the detection circuit can determine if a pin 
20 is no longer functioning and alert the operator or the service 
provider that a pin is broken or needs to be cleaned, before 
it prevents the code from being read. 

Another error checking method involves use of one of 
the data bits as a parity bit. A parity check uses only one 
25 additional bit. If a number of redundant bits are available, 
Hamming codes or other error detection or correction codes 
known to those skilled in the art may be used. 

The above embodiments use a printed circuit board as 
the carrier for the conductive element. However, there are 
30 many other ways conductive elements can be incorporated. For 
example, a solid conductive sheet can be used with insulating 
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surfaces selectively placed in rings to prevent contact. This 
embodiment avoids the gaps seen in Figure 3B. It also has the 
advantage that the metal and insulator can be much more robust 
with respect to temperature during sterilization. An 
inexpensive metal, such as copper coated steel, can be used. 
The Insulating surfaces can, for example, be TEFLON® or 
KAPTON® bonded to the metal, or any type of high temperature, 
moisture resistant paint. 



In an alternative embodiment, formed metal rings can 
10 be insert molded into the plunger. The pattern of connections 
can be made before insert molding or can include tabs that 
are broken off later to create the specific code. The 
conductive pattern of Figure 3B can be hot stamped onto the 
plunger using conductive metal films or printed using 
15 conductive ink. Alternatively, a contiguous conductive layer 
can be hot stamped or printed onto the plunger. Subsequently, 
selected segments are removed by mechanical means or laser 
trimming to create the desired pattern. Alternatively, the 
rings can all be connected to the common code element by 
20 fusible elements. These fusible elements can be opened or 
closed by appropriately pulsing them with energy. 



Another embodiment of the present invention is 
illustrated in Figures 5A and 5B. In this embodiment, an 
injector system 200 comprises a powered injector 210 and a 

25 syringe (not shown) as described above. The syringe comprises 
a plunger (not shown) including a printed circuit board 250, 
preferably on the rear surface of the plunger. Printed 
circuit board 250 is modified from that described above to 
extend the range of coded information beyond that available 

30 using binary coding. 



In that regard, one or more circuit elements, for 
example, Zi, Z2 and Z5, are preferably connected on one side 
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with a common contaci: member 260D and on the other side with a 
corresponding, separate contact member 260C, 260B and 260 A 
respectively. The impedance elements can be resistors,' 
capacitors, inductors, resonant circuits, zener diodes, or 
more complicated circuits. Impedance refers to the current 
versus voltage relationship for the element. it may be a 
function of frequency for some elements. Resistors are the 
simplest impedance elements. For instance resistors Z„ Z. and 
Z3 are set up as legs of resistor dividers. The voltage 
measured (designated A„ Aa, and A3 in Figure 5A) at the 
junction of each of resistor Z„ z, and Z3 with a reference 
resistor (preferably located m powered injector 210) 

represents information about the configuration of the syringe 
voltages A„ A„ and A3 are preferably transmitted to a 
15 detection circuit comprising an analog-to-digital (A/D) ' 
converter. The A/D converter is preferably in communicative 
connection with a processing unit such as a microprocessor. 

The resolution of the measurement of voltages Ai, A-. 
and A3 (Which IS limited by noise and the resolution of the 
A/D) converter) determines the number of unique states that 
can be encoded. For example, if the resolution of each analog 
voltage measurement of the circuits comprising the contact 
members is ten levels, and there are three contact members, 
1000 possible states can be encoded. The precision of the 
value of the impedance element can also limit the number of 
discernable levels. 



Zener diode impedance elements operate in a similar 
fashion. A zener diode has a fixed reverse bias voltage over 
a broad range of currents. Thus the voltages at A,, A„ and A3 
are controlled by the characteristic or breakdown voltages of 
the zener diodes at Zj, Z., and Z3. 
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To sense information coded in inductive, capacitive, 
and resonant impedance elements, the excitation voltage 
preferably varies over time. Such variation can be in the form 
of a pulse, a square wave, or a sine wave of a specific 
5 frequency. The measurement of the voltages Ai, A2, and A3 is 
coordinated with the state of the excitation voltage to give a 
measure of the capacitance or inductance of Zi, Zp, and Z3. If 
resonant circuits are used, the excitation voltage is 
preferably a sine wave and the frequency is varied. Depending 

10 on the specifics of the resonant circuit used, the voltage at 
Ai, A2, and A3 as a function of frequency provides the coded 
information. In the case of resonances, one Z element can be 
made from several inductors and capacitors and can have 
multiple resonances, so the information storage is even more 

15 dense than simple conductive, resistive, capacitive, inductive 
or zeners. Given the sophistication of integrated circuits, a 
circuit with a complicated impedance function can readily be 
built that makes the readout voltage Ai go up and down as the 
excitation voltage is changed. At some point, the 

20 sophistication of this integrated circuit approaches that of 
the digital memory discussed below, and the memory becomes the 
preferable storage device. 



Applying the concept of varying the excitation 
voltage allows the elimination of the common contact, if that 
25 is of benefit. The common contact can be replaced by 

capacitive coupling to a reference or ground. There need not 
be a conductive common contact. There can also be multiple 
excitation voltages, up to the maximum of. a different 
excitation voltage for each impedance element. 



30 Figure 5C illustrates another embodiment of the 

present invention in which the discrete resistors or other 
impedance elements of Figure 5B are replaced by printed 
resistive contact members or contact elements Ri', R2' and R3' . 
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In this embodiment, because the voltage at the point of 
contact is sensitive to the location thereof along the 
concentric resistive contact elements R,', R,' and R3' , printed 
Circuit board 250' is preferably oriented in a. known manner 
In that regard, a key slot 280 is preferably provided in 
printed circuit board 250' to ensure proper alignment of 
printed circuit board 250' in relation to the plunger. As 
wrll be described later, an alignment path is needed between 
the code element and the readout elements to ensure accurate 



10 readout. 



By way of example, the contact points are 
Illustrated as circles along the length of resistive contact 
elements R,', and R3' in Figure 5C. With an excitation 

voltage applied to element 275 and element 270 connected to 
ground, the voltage at the code element contact point is a 
function of the ratio of resistance from the code element 
contact point to element 270 divided by the total resistance 
from 275 to 270. The resistor ratio can be changed by 
printing with different resistivity inks or varying the width 
of the resistive segment. It is also possible to use 
conductive ink for part of the segment to further reduce the 
resistance of that segment. Laser, physical, or other 

trimming after manufacture can also be used to change the 
resistance values. The readout circuit does not need to 
25 include resistors R. because the resistors from the contact 
point to the excitation voltage are included on the printed 
circuit board. 



To avoid the need to have an alignment path, a 
double sided circuit board can be employed. On the side 
opposite the printed resistors, circular concentric rings are 
placed. The contact points shown in 5C then represent feed 
through to the separate concentric rings. A second 

alternative to avoid the need for an alignment path is to 
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reverse the points and rings as described above. If the 
contacn points incorporate spring contacts similar to those of 
Figure 4B and the readout elements on the drive element are 
concentric rings, rotational alignment is not necessary. 

5 Additionally, other manufacturing methods may be 

used to create the assembly of impedances described above. 
Among these methods are attaching the impedance elements to a 
lead frame, covering them with a protective material such as 
an epoxy, insert molding them into the plunger, and then 
10 breaking off the attachment bar of the lead frame to provide 
separate impedances. This technique is similar to the 

manufacture of SIP resistor packages known to those skilled in 
the art. 

In general, the conductive coding methods described 
earlier are a specific case of impedances, where the impedance 
values Zi, Z2, and Z3 are limited to values much less than Rr 
and much greater than R^. This simplifies the circuit because 
logic levels replace the A/D converter, at the price of 
conveying only one bit of information for each impedance 
element. 

Another embodiment of the present invention is 
illustrated in Figure 6. In the embodiment of Figure 6, a 
printed circuit board 110 is mounted on or attached to the 
rearward end of a plunger (not shown) as described above. As 
25 also generally described above, a corresponding set of 
electrical contacts (not shown) is provided on the forward end 
of the drive piston (not shown) . In the embodiment of 
Figure 6, the passive printed circuit boards or cards of the 
embodiment of Figures lA through 5C are replaced by a printed 
30 circuit board 110 with an active memory 115. Memory 115 can, 
for example, comprise a ROM, EPROM or EEPROM which can be 
surface-mounted on printed circuit board 110 with, for 
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example, five electrical contacts 150A through 150E positioned 
upon a rear surface of plunger 120 to be contacted by contact 
pins (not shown) on a forward surface of the drive piston. 
Printed circuit board contacts 150A through 150E preferably 
comprise concentric rings as described above. Contacts 150A 
through 150E may, for example, comprise +5 volts, ground, data 
in, data out, and clock. The EPROM or EEPROM may be 
programmed either before or after construction of printed 
circuit board 110. (A ROM is programmed when manufactured.) 
The EPROM can also be programmed immediately before insertion 
in the plunger. Elaborate codes with hundreds, of code bits 
(and redundant check bits) can be programmed into memory 115 
to uniquely identify syringe configuration /characteristics 
determined during production. 



■^^ Moreover, recent innovations such as the DS1991 

Touch Memory Button^M available from Dallas Semiconductor, 
allow an EPROM to be read on contact with only two electrodes 
(ground and data), and also provide for built-in code error 
checking. Power and clock are derived from the serial data 

20 line. 
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Upon contact between plunger 120 and the piston (not 
shown), power is applied to memory 115 and the stored code is 
read out. The code is preferably interpreted by a processor 
in the injector to accordingly modify operation of the system. 
Modifications in operation pertain to, for example, volume 
delivered, fluid pressure measurement, flow rate, limits of 
piston travel, and limits of pressure as described above. All 
of the latter parameters are affected by syringe parameters 
that can be encoded in memory 115. 

Memory 115 can also comprise a non-volatile memory 
component that can be programmed by the injector to record 
parameters of the completed injection. Such a system can also 
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record whether or not the syringe had been used previously in 
order to prevent subsequent reuse. 

It should be noted that the circular elements mating 
with pins described above require axial alignment but not 
5 rotational alignment. The degree of axial alignment commonly 
provided by the syringe mounting means is sufficient. The same 
robustness to rotational misalignment can be achieved if the 
pins are on the plunger and the rings are on the drive member. 
The pins can simply be broken off slightly below the surface 
iO to prevent contact and encode information. This would also 
make it easier to incorporate impedance or conductive elements 
in the plunger by inserr molding. The structure can, for 
example, be very similar to a SIP circuit package. 

Other types of alignment are also possible. Present 

15 syringe plungers are identical if rotated 180^ degrees. Using 
this property, the conductive elements could be separated into 
wedge shaped elements that are identical if rotated 180 
degrees. Figure 7A shows such a pattern that contains twice 
as much information (in the form of code contact members 

20 50A, 50B-F, and 50B' -F' as the circular pattern "of Figure 3B. 
More wedges can be used to encode more information, if the 
rotational alignment can be guaranteed sufficiently well. 
This leads to the use of a two-dimensional information 
pattern. The information patterns need not be limited to 

25 wedges, but can include constant angle segments, enabling the 
outer elements to have more bits of information stored around 
their circumference. Figure 78 shows an X-Y oriented two 
dimensional pattern that can also be used, but the regions 
nearer the axis A are more severely affected by any rotational 

30 misalignment. The example contains 25 code elements, and if 
one is used for the common contact, 24 bits of information can 
be encoded this way. Regions indicated in black are 

conduct ively connected . 
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Sufficient alignment can be ensured by having an 
alignment path from the readout elements, the injector head, 
the syringe mounting means, the syringe body, the plunger and 
the code elements on the plunger, similar to the alignment 
5 path described in U.S. Patent No. 4,677,980 from the injector 
to the plunger attachment elements. Referring to Figures 8A 
through 8E, the tapered syringe neck of syringe 18' preferably 
includes guide extensions 26', 28' and 30' that slide into 
pressure jacket 16' (cooperating with guide extension notches 
10 or paths 46', 48' and 50', respectively) in only one 
orientation. Pressure jacket 16' is preferably mounted on the 
injector head with only one possible orientation, and by 
design the readout elements in, for example, the drive member 
(not shown in Figures 8A through 8E) are in a specific 
15 orientation. Also, during manufacture of syringe 18', 

plunger 20 is preferably inserted in the barrel of syringe 18' 
with its code elements (see, for example. Figure 7B) oriented 
in a specific orientation with respect to guide 
extensions 26', 28' and 30'. This combination of design and 
controlled assembly provides for a syringe with an alignment 
path from guide members on the syringe through to the code 
elements, on the plunger in this example, that cooperates with 
an alignment path from the syringe mounting mechanism to the 
readout elements to enable the readout of a data rich code 
25 such as shown in Figure 7B. 

This alignment path is also advantageous if the code 
elements are placed elsewhere on syringe 18'. For example, 
the code elements can be placed on the guide extension 28' . 
In that embodiment, plunger 20 does not need to be part of the 
30 alignment path. If the code elements are placed elsewhere on 
syringe 18', for example, on the elongated body or barrel, an 
alignment path can also be readily created to facilitate 
alignment and readout by the readout elements. 
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For a syringe mounted as described in US Patent 
No. 5,383,858, the various retaining flanges on the syringe 
perform an alignment function because the flanges are rotated 
until they mate with che retaining flanges on the injector 
5 head. When the rotation stops, the syringe barrel is in a 
specific alignment with the injector head. If the injector 
head and syringe are designed and assembled as described 
above, the code elements will be in a specific alignment with 
the readout elements. As disclosed in US Patent 

10 No. 5,383,858, the syringe mounting operates equally well if 
the syringe is rotated 180°. If needed to enhance code 
density, the symmetry can be broken by making one flange 
larger than the other or by having multiple flanges in a non- 
symmetric arrangement.. The more dense the encoding method 

15 (bits per area, length, degrees of rotation, etc.) the more 
repeatable and precise the alignment path from the readout 
elements to the code elements should preferably be. 

The above - embodiments describe contact made 
independent of any relative rotational motion between the code 

20 elements and the readout elements. The readout elements are 
moved straight into contact with the code elements. Or the 
readout is done after any relative translat ional motion is 
completed. Present syringes such as those described in US 
Patent No. 5,383,858 are rotated about their axis to attach 

25 them to the injector. Syringes like those described in US 
Patent No. 4,677,980 are translated or rotated about a 
different axis. This motion causes successive segments to 
make contact with a readout element or elements. As mentioned 
elsewhere, this ^^wiping" has the benefit of cleaning the 

30 contacts. In addition, the electronic control can sense the 
various conductive elements as they are moved over the readout 
elements. The elecrronic control device is preferably fast 
enough to debounce the successive contacts. This readout 
during motion is especially advantageous for other encoding 

35 methods described below such as magnetic and optical. 
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Figure 9A illustrates one embodiment in which there 
radial array of code elements, all connected to an outer 
common contact 280.. A readout element preferably contacts the 
common code element and holds it at ground. As the syringe is 
rotated, a first readout element travels a clock path 281 and 
second readout element travels a data path 282. A circuit 
similar to that of Figure 3A can be used. Every time the 
clock path readout element makes contact with a conductor on 
the code element, iz is pulled low. At this time, electronic 
control device 65 observes the value of data path 282 readout 
element (after proper debouncing) . if it is not connected to 
a code element, it will be high. If it is connected to a code 
element, it will be low. The pattern of Figure 9A can be read 
with one data readout element if the syringe is rotated 180° or 
by two data readout elements 90° apart on path 282 if a 90° 
rotation is used. 



Figure 9B illustrates a second data path 283 
generally concentric to first data path 282to achieve more 
data transfer. Figure 9C illustrates a common contact 280', a 
clock path 281' and a data path 282' for a syringe mounted as 
described in US Patent No. 4,577, 980. In this case the path 
the syringe plunger follows as it is installed is an arc about 
a center of rotation that is several inches from the syringe 
axis. In a similar fashion, any type of non-overlapping 
25 translational motion can be accommodated. ( In the embodiment 
of Figures 9A through 9C, the contacts may alternatively be 
structured in one of many "self clocking" patterns known to 
those skilled in the art and the separate clock path readout 
element can be eliminated. Multiple data paths may be used in 
30 each embodiment. 

In the embodiments described above, electrically 
conductive physical contact is made between conductive contact 
members in the syringe and corresponding conductive contact 
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members in the powered injector to transmit information 
electrically encoded within the syringe (preferably in the 
plunger thereof) zo a detection circuit in communicative 
connection with the powered injector. Coded information 

stored electronically in the syringe can also be transmitted 
to the powered injector without physical contact between the 
code and the reading or detection circuit. In such a case, 
energy is transmitted from the syringe to the detection 
circuit without requiring physical contact therebetween. In a 
preferred embodiment, information is transmitted from the 
syringe to the detection circuit via radio frequency (RF) 
energy. 

In a preferred embodiment as illustrated in 
Figure lOA, a miniature RF transponder 210 is embedded in or 
attached to, for example, a plunger 220 of a syringe 215. 
Transponder 210 is preferably programmed with a code that is 
stored in an information storage unit 225' such as a 
semiconductor memory that is in operative connection with 
transponder 210. The code can be programmed into 

transponder 210 at nearly any. time during or after the 
production process. . An external RF field is preferably 
generated by a transmitter/receiver device preferably loca.ted 
3 powered injector 245. Preferably, the 

transmitter/receiver device comprises an antenna 250 placed in 
a drive member 240 (for example, a piston) of powered 
injector 24 5 as shown in Figure lOA. Energy transmitted from 
the transmitter/receiver device via antenna 250 is received by 
transponder 210 which derives its power from the transmitted 
RF field. After transponder 210 derives sufficient power, it 
is stimulated to serially transmit the code stored in 
memory 210 as a frequency modulated signal to the 
transmitter /receiver device via antenna 240. Transponder and 
decoder systems of this type are available, for example, from 
Destron-Fearing, Inc., or from Texas Instruments, Inc. (under 
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the TIRIS^ trademark) . These types of RF transponders work at 
distances up to 2 meters. 



Another typical class of non-contacting RF 
identification methods encodes information on an information 
5 storage unit comprising a number of passive tuned circuits, 
each circuit representing a binary value in a digital code. 
These systems rely on the measurement of resonant RF response 
of the tuned circuits which are implemented as one or more 
printed circuits embedded in the syringe plunger. 

^° illustrated in Figure lOB, the 

transmitter/receiver device located in or in communication 
with powered injector 245 sends out a sequence of RF pulses 
whose frequency changes as a function of time over a specific 
frequency range. The encoding element is typically a tuned 
circuit that absorbs energy from the transmitted RF field at a 
specific frequency. Antenna 250 receives the energy radiated 
by the tuned circuits after the transmitter pulse is turned 
off. This mode of operation is somewhat similar to pulsed RF 
systems found in magnetic resonance imaging in which a 
transmit pulse is followed by an "echo" from the tuned . 
circuit. When a tuned circuit is present, the echo response 
is initially strong, but decays as energy radiates into space. 
However, the echo is nonexistent if the tuned circuit is 
absent. Although it is possible to use separate transmit and 
25 receive antennae, a common practice is to use the same antenna 
for transmitting and receiving. The receiver is decoupled 
during the transmit pulse. 
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Tuned circuits can be formed in a variety of ways. 
One method known in the art uses conductive traces to form an 
30 inductor which is connected to a capacitor to form a resonant 
"tank" circuit. " The resonant circuit stores energy of the 
correct frequency during the transmit pulse and then gives the 



BNSDOCtD: <WO 9965548A1_I_> 



wo 99/65548 



PCT/US99/13360 



energy back to the receiver as a decaying waveform of the same 
frequency. Harmonics of the fundamental frequency are usually 
removed by filters in the receiver. 

Several such resonant circuits can be fabricated on 
5 a printed circuit board to implement a binary code. However, 
the coupling between the multiple resonant circuits becomes a 
problem as the number of such circuits increases. In that 
regard, each circuit becomes ''detuned away from resonance" as 
a result of the influence of the other circuits. Since 
10 coupling between the several circuits is undesirable, care is 
preferably taken to separate the resonant frequencies far 
enough apart to minimize mutual coupling between them. This 
result is achieved by properly selecting the caF)acitor values 
or by physically spacing the circuits far enough apart. 

^5 Figure lOB illustrates a typical sequence of 

transmitted and received pulses from a circuit board 
containing resonant circuits at 100 megahertz (MHz), 1 MHz, 
and 100 Kilohertz. The resonant frequencies are preferably 
set apart by factors of 10 to reduce undesirable coupling 

20 among the resonant circuits which tends to detune them. In 
this embodiment, the resonant circuit for 10 MHz is missing, 
so there is no received response for the 10 MHz pulse. 
Therefore, the binary code implemented is "1011". 

The non-contacting measurement of impedance 
25 discussed above in reference to a resonant circuit can be 
utilized to measure resistance, capacitance, inductance, zener 
voltage or other impedances. The difference from earlier 
impedance measuring embodiments is that when there is not a 
direct current electric path, the electrical energy is either 
30 coupled capacitively or inductively. To an extent, these 
couplings are sensitive to the distance between he coupling 
members and so generally require close proximity (capacitive 
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coupling more than inductive coupling.) However, by measuring 
the ratios of impedance elements Zi, 2., and Z3, this distance 
sensitivity can be overcome. 

While the information storage units, such as the 
5 transponder 210 and the tuned circuits discussed above, may be 
disposed on or embedded in the plunger 220 of a syringe 215, 
it is also specifically contemplated that the information 
storage units may be positioned on the syringe body, within 
the packaging containing the syringe 251 or in any suitable 
0 location from where the syringe configuration information can 
be conveyed to the detector associated with the injector. 



20 



For high pressure injectors the connection between 
the plunger and the drive means should be robust and tight. 
Thus this location/interface is a good place for the transfer 
of coded information. There are other methods of encoding 
information that can be utilized at the plunger/drive member 
interface. One alternative is an optical code. An optical 
readout integrated circuit can be placed at the end of the 
drive member or it can, for example, be located remotely and 
be coupled to the plunger /drive member interface with optical 
fiber. A linear array of simple phototransistors can be used 
with an optical pattern of, for example, concentric rings as 
shown in Figure 3B. A benefit of optical readout is the 
elimination of the common contact. Optical readout can also 
25 be used to sense proximity of the drive means to the plunger. 
With a two-dimensional optical readout device of sufficient 
resolution, alignment can be modified in the microprocessor 
after reading, thereby making alignment less critical and 
enabling more sophisticated data encoding. Character 
recognition is even possible. The optical code can, for 
example, use simple absorption-reflection differences, 
fluorescence or other methods known in the art. Any type of 
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convenient electromagnetic radiation can be used, including 
infrared, visible, or ultraviolet. 

Various magnetic encoding elements can also be 
utilized. The simplest is the presence or absence of magnetic 
5 material at specific locations. Concenrric rings of steel 
can, for example, be present or absent at specific locations. 
The readout mechanism may be small inductive coils or hall 
effect sensors instead of contacting pins. Permanent magnetic 
elements may be incorporated into the plunger. 

10 Magnetostrictive elements may alternatively be employed. 
Magnetic inks may be printed onto the plunger or plastic 
patterns using magnetic particles mixed into the plastic. 
Suitable readout elements include, for example, coils, hall 
effect sensors, Kerr, effect sensors, and resonant circuit 

15 who's resonant frequency is shifted by the presence of the 
magnetic material . 



The surface of the plunger can include physical 
indicia that are pressed against the drive element when placed 
in operating position. Among these indicia are bumps, divots, 

20 ridges, or trenches. The physical indicia are preferably read 
by switches or piezoelectric material with patterned contacts. 
These indicia can alternatively be read by force sensors, or 
an optical sensor (s). Again, rotationally symmetric methods 
such as concentric rings (similar to those shown in Figure 3B) 

25 are preferred because of the tolerance to rotational 
positioning. With the alignment path discussed above, 

however, a more sophisticated pattern can be used. 



Ultrasonic resonators are another alternative. A 
number of such resonators can be incorporated in the plunger. 
30 The operation of ultrasonic resonators is similar to the 
electronic resonators described above and shown in Figures lOA 
and lOB, except that the energy transmitted and received is 
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sound energy of a specific frequency rather than electrical 
energy. 

A variety of encoding elements have been described 
above. Some encoding elements can be read by multiple types 
of readout elements. Or, multiple types of encoding elements 
can be used sequentially or simultaneously. This has the 
benefit of flexibility for the designer. It can also provide 
redundancy of readout. A third benefit is that one readout 
method may be used to determine timing during a scanned 
readout while a second method is used for actual data readout. 
A fourth benefit is that one method may be used for detecting 
plunger - drive element proximity while a second method is 
used for data readout. For instance, a metal disc with 
selectively placed insulating rings can be read out through 
15 direct contact or optically, if the rings are absorptive to 
the wavelength used and the metal is reflective. Other 
combinations are also possible. 



As mentioned above, intimate contact is made between 
the plunger and the drive member. However, because of this 
intimate contact, there are other functions that may be 
accomplished at the piston/drive member interface. Because of 
such other functions or uses, it may be necessary to place the 
code elements and readout elsewhere in relation to the syringe 
to free up the plunger/drive member interface. 



20 



an embodiment illustrated in Figure 11, 
information is communicated via a pressure jacket 318. 
Pressure jacket 318 is typically a robust, generally 
cylindrical element that enables a relatively thin-walled 
syringe 316 to be used at high pressures. Pressure jackets 
30 are described in U.S. Patent Nos. 4,006,736 and 4,667,980. 
Readout pins 360A-D can, for example, form a linear array at 
different axial positions near the back of pressure 
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jacket 318. Code elements 350A-D can, for example, be formed 
as circumferential bands around the outside of the elongated 
body or barrel of syringe 316.. Many of the other exemplary 
encoding and readout methods described above can be applied to 
5 this location as well. 

Another location that can be advantageously used for 
contacting readouts is the syringe mounting flange for those 
syringes (described, for example, in U.S. Patent 
No. 5, 38.3,858) that do not employ pressure jackets. U.S. 

10 Patent No. 5,383,858 describes bar codes or physical indicia 
in the region just ahead of the mounting flange of the syringe 
thereof. Figure 12 . illustrates selected aspects of the 
syringe. In a commercially available injector, the Envision'^ 
available from Medrad, Inc., physical indicia (depressions) on 

15 the back 400R of the syringe mounting flange 400 are used as 
code elements. Those physical indicia /depressions are sensed 
by pins that are depressed or not depressed depending upon the 
presence or absence of the physical indicia. Applying the 
various code elements discussed earlier in this patent to the 

20 mounting flange provides an improved alternative with higher 
code density than currently available. The readout elements, 
pins in this embodim.ent, can be mounted in the injector head 
to contact conductive code elements mounted on back 
surface 400R of syringe mounting flange 400. In this case, 

25 the readout pins are preferably arranged circumf errentially 
and the code elements are arranged axially. It is also 
possible to place the code on front surface 400F of mounting 
flange 400 or on outer circumferential surface 400S thereof. 
If non-contacting methods are used, the circuit can be mounted 

30 in the flange. 

Figures 13A and 13B illustrate a heater jacket 410 
that is placed against a syringe 15' to heat it. Encoding 
elements 420A through 460D can be placed, for example, on the 
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side of syringe 15' and the readout elements 460A through 
460D, can be positioned on syringe heater 410. Readout 
contact or elements 460A-D contact code contacts or 
elements 420A-D when syringe heater 410 is in position. The 
code information can be communicated to the electronic control 
device (not shown) through, for example, a wiring harness 415. 
In this embodiment an alignment path is provided by guide 
member 412 on the syringe mating with slot member 411 on the 
syringe heater. When the two are fully engaged, the readout 
elements 4 60A-D are contacting the code elements 420A-D. This 
is an example of an alignment path that does not go through 
the injector. In this case, it is from the code elements to 
the syringe, to the syringe guide member 412, to the readout 
elements' physical support 410 vxa slot 411, to the readout 
15 elements themselves. The simplest alignment path would be 
readout elements directly to code elements. This result can 
be accomplished, for example, if the readout elements 
themselves are pxns that fit into corresponding holes in the 
code elements. If the readout elements are not properly mated 
to the holes, no code or an error code would be read, or the 
readout element would not stay in position or could not 
physically be put into position. 

In general, the methods disclosed herein can be 
placed in many other locations in relationship to the syringe. 
An injector commercially available from Liebel Flarsheim (and 
described in PCT publication W098/22168) uses a device to look 
for air in the neck of the syringe. Because it is in 
consistent repeatable contact with the syringe, readout 
elements using any of the methods described herein could be 
positioned in or adjacent to the air detector. Specifically, 
circumferential rings could be the code elements which are 
read either electrically or optically. 



20 



25 



30 
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In addition, some syringes are now provided with 
additional fluid path elements either preconnected or packaged 
with the syringe as illustrated in Figure 14. Currently, such 
fluid path elements include connector tubes 440 and one way 
valves. Encoding elements 445 can be associated with such 
additional fluid path elements rather than with syringe 15" 
and can include information about the presence or properties 
(such as pressure limit) of the associated fluid path elements 
and/or syringe 15" with which the fluid path elements are 
packaged. The encoding elements can be as simple as bar coded 
label that is read by swiping it over a bar code reader on the 
injector head. Alternatively, one of the remote reading tags 
described above can be used. 

There is a cost reduction (although easy of use may 
also decrease) in having the code element (s) of the present 
invention separate from the plunger but associated with it in 
use. As described above, an encoded attachment element or 

cap (having, for example, a rear surface 500 as illustrated in 
Figure 7B) can be fit onto the plunger or onto the drive 
member via an attachment mechanism such as a snap fit as known 
in the art. The cap includes the code elements for the 
encoding method chosen. One cap may be associated with a 
number of syringes, or one cap may be associated with only a 
single syringe. Such a cap may be placed onto the drive 
element or the plunger before installing the syringe onto the 
injector. 

The cap can be generalized to represent a separate 
encoding element that is associated with one or more syringes 
and is used to convey to the injector information that is 
common to all the syringes. In one embodiment, both a cap (a 
common data element) and custom encoded syringe data, can be 
used in combination. For example the cap can have holes that 
let some readout element pins contact the syringe code 
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elements while other readout element pins contact those 
elements in the cap. The cap can use any of the encoding- 
readout mechanisms/methods disclosed herein. Similar "caps" 
(that is, attachment elements) can be used to convey coded 
5 information to all of the places readout elements can be 
placed. 

There are a number of times at which the information 
can be encoded into the code elements of the present 
invention. For example, information can be encoded: 

^° W^^" the Plunger (or Syringe Barrel) is First 

Manufactured: for example, by insert molding a conductor 
or molded in physical indicia. 

When the Parts are Assembled into a Syringe: for 
example, by breaking off metal pieces, drilling physical 
15 indicia, inserting a printed circuit board, or opening 

fuses . 



When the Syringe is Filled: for example, by the methods 
described above. 



After Sterilization: for example, by the methods 
20 described above. 



When Shipped: for example, by inserting an encoded cap or 
similar attachment element into the box. 

At the End User Site: this is most easily done with an 
electronic means such as EPROM or EEPROM. It can also be 
2^ ^^'^^ ^ith magnetic, fusible, impedance, or any of the 

disclosed methods that can be modified at the user site. 
If the syringe is filled at the user site, information 
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about the contents could be added here, for example using 
a bar coded label. 

When Installed in the Injector: (same as previous). 

After Use: Such timing of encoding can be used to prevent 
reuse or to encode usage information to be returned to 
the hospital pharmacy or the supplier. For example, a 
tab can be broken off as the syringe is removed. This 
change in encoding is preferably readable if the operator 
tried to reinstall the used syringe. Alternatively, a 
fuse can be opened after use. Other methods of encoding 
as described above can also be used. 



In addition to providing syringe configuration 
information to a powered injector, the present invention may 
be used to generate and maintain data records associated with 

15 injection procedures. For example, to update inventory 

control records and to satisfy medical and insurance billing 
and cost information requirements, records of information, 
such as the type of syringe used, the amount of contrast 
medium used, the type of contrast medium used, the 

20 sterilization date, the expiration date, lot codes, the 
properties of the contrast media, and/or other clinically 
relevant information, may be generated and maintained for use 
by, for example, external billing, inventory or control 
computer systems. 

25 In a preferred embodiment, a hospital or vendor 

computer system may be interfaced with the injector via an 
access port to access and process syringe configuration 
information for billing, insurance, inventory and/or patient 
record-keeping purposes . 
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Although the present invention has been described in 
detail in connection with the above examples, it is to be 
understood that such detail is solely for that purpose and 
that variations can be made by those skilled in the art 
without departing from the spirit of the invention except as 
it may be limited by the following claims. 
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WHAT IS CLAIMED IS: 



1. A syringe for use with a powered injector 
including a drive member and being in communication with a 
detection circuit, the syringe comprising: 
an elongated body; 

a plunger slidably disposed within the elongated body and 

operable to be driven by the drive members- 
characterized by means for conveying syringe information 

to the detection circuit. 



2. The syringe of Claim 1 wherein the syringe 
information is conveyed to the detection circuit via an 
electromagnetic signal . 



3. The syringe of Claim 1 wherein the means for 
conveying comprises a transponder. 

4. The syringe of Claim 3 wherein the transponder 
is in communicative connection with a memory. 



5. The syringe of Claim 3 wherein the transponder 
is in communicative connection with a plurality of tuned 
circuits . 



6 . The syringe of Claim 3 wherein the detection 

circuit comprises a transmitter for transmitting 
electromagnetic signals to the transponder and a receiver for 
receiving electromagnetic signals from the transponder. 

7. The syringe of Claim 1 wherein the detection 
circuit comprises a microprocessor. 

8. The syringe of Claim 1 wherein the means for 
conveying is associated with the elongated body. 
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9. The syringe of Claim 1 wherein the means for 
conveying comprises at least one electrically conductive code 
contact member adapted to make an electrical connection with 
at least one electrically conductive readout contact member to 
convey the syringe information to the detection circuit. 

10. The syringe of Claims 1 or 9 wherein the means 
for conveying is associated with the plunger. 

11. The syringe of Claims 9 or 10 wherein the at 
least one code contact member comprises a plurality of code 
contact members . 

12. The syringe of Claim 11 wherein the at least 
one readout contact member comprises a plurality of readout 
contact members. 

13. The syringe of Claim 12 wherein each of the 
code contact members is brought to a state of either digital 
high or digital low upon contact with the plurality of readout 
contact members, each readout contact member being positioned 
to contact only one of the plurality of code contact members 
when the syringe and the powered injector are in operative 
connection . 

14. The syringe of Claim 12 wherein the code 
contact members are positioned on a rear surface of the 
plunger, the code contact members being adapted to form an 
electrical connection with corresponding readout contact 
members positioned upon a forward surface of the drive member 
of the injector. 

15. The syringe of Claim 14 wherein the code 
contact members comprise concentric rings. 
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16. The syringe of 
least one code contact member i 
a resistor, a resistance of the 
detection circuit . 



Claims 9 or 10 wherein the at 
s in electrical connection with 
resistor being readable by the 



17. The syringe of Claims 9 or 10 wherein the at 
least one code contact member is in electrical connection with 
a memory, the memory being readable by the detection circuit. 

18. The syringe of Claim 17 wherein the memory is 
an EPROM or an EEPROM memory. 



19. The syringe of Claims 9 or 10 wherein the at 
least one code contact member is in a state of either digital 
high or digital low when the syringe is in operative 
connection with the powered injector, the at least one code 
contact member thereby representing a binary code 
representative of syringe information. 

20. The syringe of Claims 9 or 10 wherein the 
detection circuit is adapted to determine if electrical 
contact is made between the readout contact member and the 
code contact member. 



21. An injector system comprising a syringe as 
claimed in any of Claims 1-20 and a powered injector having a 
drive member and a detection circuit. 

22. A method of conveying syringe information to an 
injector, comprising the following steps: 

providing an injector comprising a drive member 
providing a detector in communication with the 

injector ; 

providing a syringe comprising a plunger operable to 
be driven by the drive member; 
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providing an information storage system containing 
syringe information; and 

conveying the syringe configuration information to 

the " detector . 



23. The method of Claim 22, further comorising the 
seep of using the syringe information to define operating 
parameters for the injector. 

24. The method of Claim 22 fni-i-hor- . 

v-j.aj.iu ^z, rurtner comprising the 

step of mounting the syringe on the injector. 

25. The method of Claim 22 wherein the syringe 
.nrormation is conveyed to the detector via an electromagnetic 
signal . 



26. 



The method of Claim 22 wherein the informat 



storage system comprises a transponder. 



ion 



27. The method of Claim 26 wherein the detector 
comprises a transmitter for transmitting electromagnetic 
sxgnals to the transponder and a receiver for receiving 
electromagnetic signals from the transponder. 

28. The method of Claim 22 wherein the information 
storage system comprises at least one electrically conductive 
code contact member and the detector comprises at least one 
electrically conductive readout contact member, and further 
comprising the step of electrically connecting the code 
contact member with the readout contact member to convey the 
syringe information to the detector. 

29. The method of Claims 22 or 28 wherein the 
inrormation storage system is associated with the plunger. 
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30. The method of Claims 28 or 29 wherein the at 
least one code contact member comprises a plurality of code 
contact members . 

31. The method of Claim 30 wherein the at least one 
readout contact member comprises a plurality of readout 
contact members. 

32. The method of Claim 31 wherein each of the code 
contact members is brought to a state of either digital high 
or digital low upon contact with the plurality of readout 
contact members, each readout contact member being positioned 
to contact only one of the plurality of code contact members 
when the syringe and the powered injector are in operative 
connection . 

33. The method of Claim 31 wherein the code contact 
members are positioned on a rear surface of the plunger, the 
code contact members being adapted to form an electrical 
connection with corresponding readout contact members 
positioned upon a forward surface of the drive member of the 
in j ector . 

34. The method of Claim 33 wherein the code contact 
members comprise concentric rings. 

35. The method of Claims 28 or 29 wherein the at 
least one code contact member is in electrical connection with 
an impedance element, a impedance of the impedance element 
being readable by the detection circuit. 

36. The method of Claims 28 or 29 wherein the at 
least one code contact member is in electrical connection with 
a memory, the memory being readable by the detection circuit. 
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37. The method of Claim 36 wherein the memory is a 
ROM, an EPROM or an EEPROM memory. 

38. The method of Claim 29, further comprising the 
step of determining the position of the plunger within the 
syringe when the code contact member contacts the readout 
contact member. 

39. A system comprising: 

a syringe having a slidable plunger disposed in an 
elongated body thereof; 

a powered injector having a drive member; 

a detector in communication with the injector; and 

a store of syringe information to be read by the 
detector . 



40. The system of claim 39 wherein the store of 
syringe information includes at least one electrically 
conductive contact member for the conveying syringe 
information to the detector. 

41. The system of claim 40 wherein the electrically 
conductive contact member is positioned on the syringe. 

42. The system of claim 40 wherein the electrically 
conductive contact member is positioned on an element 
connectable to at least one of the syringe, the injector or 
the detector. 

43. An encoded element for use with a syringe and a 
powered injector in communication with a detector, the encoded 
element comprising: an attachment mechanism to connect the 
encoded element to at least one of the syringe, the detector 
or the injector and a storage system to store encoded syringe 
information readable by the detector. 
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44. The encoded attachment element of claim 43 
wherein the attachment mechanism is adapted to detachably 
connect the encoded element to one of the syringe or the 
in j ector . 
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